INTRODUCTION
Incretin-based therapies, including glucagonlike peptide-1 receptor agonists (GLP-1RAs) and dipeptidyl peptidase-4 (DPP-4) inhibitors, are widely used for the treatment of type 2 diabetes mellitus (T2DM). Exenatide, the first approved GLP-1RA, effectively improves glycemic control through enhanced glucose-dependent insulin secretion, inhibition of glucagon release, delayed gastric emptying, and weight loss induced by reduced food intake [1] [2] [3] [4] . Since 2007, a number of postmarketing cases of acute pancreatitis have been reported with GLP-1RA treatment (including exenatide, liraglutide, and others) as well as with DPP-4 inhibitors, prompting the US Food and Drug Administration (FDA) to issue safety warnings about a possible temporal relationship between pancreatitis and agents in these classes [5] [6] [7] [8] [9] . Subsequent to these reports, all currently marketed GLP1-RA and DPP-4 inhibitors have label warnings regarding pancreatitis.
In 2013, the FDA and the European Medicines Agency independently conducted comprehensive evaluations of preclinical and clinical data submitted in support of marketing applications of incretin-based drugs and collected additional postmarketing safety data [10, 11] . Both the FDA and the European Medicines Agency concluded that the current data do not suggest an increased risk of pancreatitis events with incretin-based therapies but warned that pancreatitis would continue to be considered a risk associated with these therapies until additional definitive clinical and real-world data become available [10, 11] .
Since that time, multiple studies have been conducted to investigate the potential relationship between incretin-based therapies-GLP-1RAs and DPP-4 inhibitors-and pancreatitis. Importantly, several long-term randomized controlled clinical trials to evaluate cardiovascular outcomes with GLP-1RAs and DPP-4 inhibitors were recently completed [12] [13] [14] [15] [16] [17] [18] . Most of these trials, including results of EXSCEL (Exenatide Study of Cardiovascular Event Lowering; ClinicalTrials.gov identifier: NCT01144338) [12] , adjudicated pancreatic events to enhance understanding of the risk of pancreatitis associated with incretin-based therapies.
The present study, which complements adjudicated data on pancreatic events from the EXSCEL trial, aimed to investigate the incidence of pancreatitis and review the clinical data associated with identified pancreatitis events using pooled data from 35 randomized trials across multiple exenatide formulations in the exenatide clinical development program. To account for differences in the duration of drug exposure, the exposure-adjusted incidence rate (EAIR) for pancreatitis, which provides a measure of the number of patients who had pancreatitis divided by the person-time at risk, was calculated for exenatide-treated and non-exenatide-treated patients. To better understand the nature of observed cases, patient-level data were compiled and reviewed for all cases of pancreatitis.
METHODS

Study Design
The primary analysis included integrated, pooled clinical data from 35 clinical trials for the exenatide twice daily (BID), once weekly (QW), and QW suspension programs that were completed before 2016. The analysis included randomized, placebo-, or active comparatorcontrolled phase 2/3 studies of exenatide used as monotherapy or add-on therapy to metformin, a sulfonylurea, a thiazolidinedione, or insulin for 4-234 weeks in patients with T2DM. Both double-blind and open-label studies were included; however, uncontrolled extension periods of studies were excluded. Studies with short exenatide exposure (defined as \ 4 weeks) and studies conducted in healthy participants (e.g., patients without T2DM) were also excluded. In addition, GLP-1RAs other than exenatide and other incretin-based comparator therapies were excluded from the analysis. Two groups were analyzed: a group treated with exenatide and a non-exenatide group, which was treated with a non-incretin-based active comparator therapy or placebo. Detailed methodology and primary findings for each study included in this analysis have been previously published (Electronic Supplementary Material Table S1 ). In all studies, patients were followed up until study completion or early discontinuation from study treatment. Notably, for most studies, pancreatitis events were not adjudicated by an external review committee.
Statistical Analysis
Adverse events (AEs) and serious AEs were reported by study investigators, consistent with guidance from the International Conference on Harmonisation. AEs were coded based on the Medical Dictionary for Regulatory Activities Descriptive statistics were provided for demographics and baseline variables. The duration of exposure was calculated using the time from first dose to last dose. The EAIR was calculated for pancreatitis events in the exenatide and non-exenatide groups. For EAIR calculations, exposure time was defined as the time to the first event, if an event occurred, or duration of drug exposure. The confidence interval (CI) of the EAIR was calculated from inverse gamma distribution assuming Poisson distribution for pancreatitis events. The ratio of EAIRs was computed from a Poisson regression weighted by the probabilities of receiving exenatide treatment in each individual study, known as the inverse probability of treatment weighted estimator. The Poisson regression was estimated using a generalized estimating equation with study as a cluster variable and compound symmetry covariance structure to account for within-study correlations. Statistical analyses were performed using SAS (SAS Institute, Cary, NC, USA).
The power to detect a meaningful difference in incidence was limited by the low incidence of pancreatitis and short follow-up time in the study. For example, assuming that the background EAIR is 0.12 per 100 patient-years and patients treated with exenatide have twice the risk of pancreatitis than the comparator group (i.e., an EAIR ratio of 2, which is usually considered a large difference), to achieve 80% power for detecting this difference, a sample size of at least 39,208 patients with 0.5 years of follow-up or 5596 patients with [ 3.5 years of follow-up in each treatment group would be needed for a one-sided type-1 error rate of 0.025. In our data, a sample size of 5596 patients (n for pooled exenatide patients) in each treatment group, with a median follow-up time of 0.5 years, will provide only 20% power for detecting an EAIR ratio of 2.0. The power calculation assumed a constant incidence rate over time and was conducted using Power Analysis and Sample Size 2008 software (NCSS, LLC, Kaysville, UT, USA).
Patient-level data were compiled and reviewed by the authors, including patient characteristics, pertinent medical history, risk factors associated with pancreatitis, concomitant medication use, biochemical findings such as lipase and amylase levels (where available), radiologic reports (where available), pancreatitis event latency, and outcomes and management.
Compliance with Ethics Guidelines
This study involves only analysis of previously published data and contains no new data from human participants. Therefore, informed consent and approval by an Institutional Ethics Committee were not required. All subjects consented, and ethics approvals were obtained for the original data collection as part of the original clinical trials.
RESULTS
Patient Demographics and Clinical Characteristics
Demographics and clinical characteristics were well balanced between patients who were treated with exenatide (n = 5596) and those in the non-exenatide group (n = 4462) ( Table 1) . Both groups were similar in terms of age, sex, duration of T2DM, body weight, body mass index, and glycated hemoglobin. Baseline blood pressure, serum triglycerides, and serum cholesterol concentrations were similar between groups. Use of concomitant medications that have been associated with the development of acute pancreatitis, including statins, angiotensin-converting enzyme inhibitors, calcium-channel blockers, and nonsteroidal anti-inflammatory drugs was also similar.
Duration of Exposure to Exenatide
Mean (minimum-maximum) exposure of study medication was 57.0 weeks (0.1-251.9 weeks) and 47.9 weeks (0.1-233.6 weeks) in the exenatide and non-exenatide treatment groups, respectively. Only 7.5% of exenatide-treated patients (n = 422) were exposed to exenatide for B 30 days, while 30.6% (n = 1714) were exposed to exenatide for [ 1 year. The total exposure to exenatide was 6696 years.
Incidence of Pancreatitis with Exenatide Versus Non-Exenatide Treatment
Pancreatitis was reported in 14 patients across the clinical development program [exenatide, n = 8 (0.14%); non-exenatide treatment, n = 6 (0.13%)] ( Table 2) . No patient reported [ 1 pancreatitis event. Among exenatide-treated patients, five were treated with exenatide BID and three with exenatide QW. No cases of pancreatitis were reported in patients treated with exenatide QW suspension, although only 204 of the 5596 exenatide-treated patients received this formulation. In the non-exenatide group, patients with pancreatitis received placebo (n = 1), insulin (n = 2), a sulfonylurea (n = 1), or pioglitazone (n = 2).
The EAIR of pancreatitis was similar between the exenatide and non-exenatide groups [0.1195 events per 100 patient-years (95% CI 0.0516-0.2154) and 0.1276 events per 100 patient-years (95% CI 0.0468-0.2482), respectively], with an EAIR ratio of 0.761 (95% CI 0.231-2.510; P = 0.6535) ( Table 2) . n is as reported in the column heading unless otherwise noted Data are shown as the mean ± standard deviation unless otherwise noted ACE angiotensin-converting enzyme, BP blood pressure, HbA1c glycated hemoglobin, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, NSAIDs nonsteroidal anti-inflammatory drugs a Non-glucagon-like peptide-1 receptor agonist comparator, non-dipeptidyl peptidase-4 inhibitor comparator, or placebo
Review of Pancreatitis Cases
Pancreatitis events ranged from mild to severe, and most events resolved with or without sequelae ( Table 3) . Four of the exenatide-treated patients and five of the non-exenatide-treated patients were hospitalized, and three and two patients, respectively, withdrew from the study. No deaths occurred. Ten of the 14 events were reported as serious AEs (n = 5 in each group). Four cases of pancreatitis were assessed by the investigator as study-drug related or possibly study-drug related (exenatide BID, n = 2; exenatide QW, n = 2). The mean time to pancreatitis was comparable between groups. Details of each pancreatitis case are provided in Table 4 . Of the 14 patients with a pancreatitis event, 13 had events that resolved with or without sequelae, and one had an ongoing event during the study period that was of mild 
CI confidence interval, EAIR exposure-adjusted incidence rate a Non-glucagon-like peptide-1 receptor agonist comparator, non-dipeptidyl peptidase-4 inhibitor comparator, or placebo b Incidence is the number of patients with event/number of patients c Exposure is either the time to first event, if an event occurred, or duration of drug exposure d The ratio of EAIRs was computed from a Poisson regression weighted by the probabilities of receiving exenatide treatment in each individual study (inverse probability of treatment weighted estimator). Poisson regression was estimated using a generalized estimating equation with study as a cluster variable and compound symmetry covariance structure to account for within-study correlations Data are shown as the n (%) unless otherwise noted a Non-glucagon-like peptide-1 receptor agonist comparator, non-dipeptidyl peptidase-4 inhibitor comparator, or placebo b Time to event is the time to first event since first dose date Laboratory value from local laboratory, with no reference range reported intensity and considered unrelated to the study drug. The time of event onset (latency) ranged from 9 to 772 days. For the 13 patients whose event resolved with or without sequelae, the duration of the pancreatitis events ranged from 3 to 101 days; nine patients had an event duration of \ 14 days. Of the 14 patients with a pancreatitis event, 13 had [ 1 risk factor for pancreatitis, including prior or concomitant treatment with a non-glucose-lowering therapy that is associated with increased risk of pancreatitis. Patients most commonly presented with abdominal pain, often accompanied by nausea. Eight patients had a history of cholecystitis, had prior cholecystectomy, or experienced cholelithiasis during the pancreatitis event. Diagnostic imaging results were available for ten patients (see Table 4 for details). Elevated amylase and lipase clinical laboratory measures were reported for ten and seven patients, respectively. No obvious differences in the case details were apparent between patients in the exenatide and non-exenatide groups.
DISCUSSION
In this pooled analysis of 10,058 patients with T2DM from 35 clinical trials in the exenatide clinical development program, few cases of pancreatitis were reported. Treatment with exenatide was not found to be associated with an increased risk of pancreatitis compared with placebo or non-incretin-based active comparator in this population.
These data show that 8 of 5596 patients (0.14%) treated with exenatide had pancreatitis, of whom seven recovered with or without sequelae. For most cases, the study drug was not discontinued. Approximately half the patients who developed pancreatitis had a history of gallbladder disease, and most had received therapy from C 1 of the drug classes known to be associated with pancreatitis. Importantly, T2DM itself is associated with a risk of pancreatitis [19, 20] .
The results of the current study add to multiple studies that had previously explored the potential relationship between incretin-based therapies and pancreatitis, including preclinical experiments [21] [22] [23] [24] [25] [26] [27] ; retrospective cohort, case-control, population-based, and other observational analyses [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] ; meta-analyses of clinical study results [43] [44] [45] [46] [47] [48] [49] [50] [51] ; and, as discussed below, large cardiovascular outcomes trials [12] [13] [14] [15] [16] [17] [18] .
Previous studies have examined data pooled across 19 randomized clinical trials (n = 5594) of exenatide BID [52] or eight phase 3 studies (n = 4328) of exenatide QW [53] . These studies reported EAIRs for pancreatitis that were not statistically significantly different between exenatide BID and comparator (0.27 vs. 0.18 events per 100 patient-years; risk difference, 0.09) or were comparable between exenatide QW and comparator (0.5 vs. 0.5 events per 100 patientyears); however, these studies did not examine individual cases of pancreatitis.
Similar findings to those reported in the current article were observed with pooled analyses of pancreatitis in the clinical development program of two other GLP-1RAs, liraglutide and dulaglutide [54, 55] . A post hoc analysis of 18 phase 2 and phase 3 randomized clinical trials of a total of 9016 patients treated with liraglutide (5021 patient-years of exposure), placebo (397 patient-years of exposure), or active comparator (1354 patient-years of exposure) reported eight cases of acute pancreatitis with liraglutide and one case with an active comparator (glimepiride) [54] . The EAIRs of acute pancreatitis were 0.16 and 0.07 cases per 100 patient-years with liraglutide and total active comparators, respectively. Recognized risk factors for pancreatitis were observed in 75% of the acute pancreatitis cases with liraglutide treatment. In an assessment of 6005 patients in nine phase 2 and 3 clinical trials of dulaglutide (3531 patient-years of exposure), EAIRs were 0.085 patients per 100 patient-years for dulaglutide, 0.352 patients per 100 patient-years for placebo, and 0.471 patients per 100 patient-years for sitagliptin [55] . Adjudication confirmed three cases of acute pancreatitis with dulaglutide, three cases with sitagliptin, and one case with placebo; no adjudicated cases of pancreatitis occurred in the exenatide, metformin, or insulin glargine comparator groups. In our analysis, exenatide-and non-exenatide-treated patients had EAIRs of 0.12 and 0.13 events per 100 patient-years, respectively.
In four completed large, randomized, double-blind, placebo-controlled studies that investigated long-term cardiovascular safety of a GLP-1RA in patients with T2DM, no significant difference in the incidence of pancreatitis was found between the GLP-1RA and placebo groups [12, [16] [17] [18] . Notably, each of these studies had an independent committee that adjudicated all potential cases of pancreatitis. In the EXSCEL trial, in which 14,752 patients were randomized to receive exenatide QW or placebo and were followed up for a median of 3.2 years, the percentage of patients who experienced acute pancreatitis was low [0.4% (n = 26) for exenatide QW and 0.3% (n = 22) for placebo] [12, 56] . The EAIRs of confirmed acute pancreatitis in the EXSCEL trial were similar for exenatide QW (0.12 events per 100 patient-years) and placebo (0.10 events per 100 patient-years). In the LEADER (Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; ClinicalTrials.gov identifier: NCT01179048) trial of 9340 patients followed for 3.5-5 years, no statistically significant difference occurred in the percentage of patients who experienced acute pancreatitis between treatment groups [0.4% (n = 18) for liraglutide and 0.5% (n = 23) for placebo; P = 0.44] [18] . Furthermore, in LEADER the EAIRs for pancreatitis for patients treated with liraglutide or placebo were similar (0.11 or 0.17 events per 100 patient-years, respectively) [57] ClinicalTrials.gov identifier: NCT01394952), will also adjudicate events of pancreatitis [58] .
The results of the current study are consistent with recent meta-analyses of GLP-1RA clinical trials that do not observe an increased risk of pancreatitis with GLP-1RAs [59] [60] [61] [62] Several limitations were present in the current analysis. Patients had a relatively short exposure to exenatide, with most of the included studies having a duration of B 6 months. Because many of these studies were conducted prior to the emergence of a potential pancreatic signal from postmarketing reports, limited confirmatory clinical data (e.g., amylase and lipase concentrations, imaging results) were available, detailed information on potential risk factors for pancreatitis (e.g., alcohol and tobacco use) was not collected, and pancreatic events were not formally adjudicated. As pancreatitis was a rare event, the integrated database that was used in the present study may not have been sufficiently large to investigate events of pancreatitis. Although the duration of the studies in the current analysis was limited, subsequently conducted long-term clinical trials and meta-analyses also have reported low incidences of pancreatitis [12, 16-18, 57, 59-61] , and long-term data (up to 6 years) from the uncontrolled extension of DURATION-1 (n = 136) suggest a very low risk of pancreatitis, with only one case reported (EAIR of 0.1 event per 100 patient-years) [64] .
CONCLUSION
In this pooled analysis from 35 trials (4-234 weeks' duration) in the exenatide clinical development program, pancreatitis events were very rare. The incidence of pancreatitis was similar among exenatide-treated patients and those who were treated with placebo or a non-incretinbased active comparator, and demographics and baseline characteristics were similar between groups. Results from this study are consistent with findings from both large observational studies that mostly suggest there is no increased risk of pancreatitis associated with exenatide and from large cardiovascular outcome trials and meta-analyses that do not report an increased risk of pancreatitis with GLP-1RAs. Although cases of pancreatitis in the exenatide clinical development program were rare, physicians should remain vigilant in monitoring for symptoms indicative of pancreatitis [65, 66] .
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